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(57) ABSTRACT 

A perpendicular magnetic disk is provided. The disk includes, 
on a base and in the order from bottom, a first granular 
magnetic layer group including a plurality of magnetic layers 
each having a granular structure, a non-magnetic layer having 
Ru or a Ru alloy as a main component, a second granular 
magnetic layer group including a plurality of magnetic layers 
each having the granular structure, and an auxiliary recording 
layer having a CoCrPtRu alloy as a main component. Layers 
closer to a front Surface among the plurality of magnetic 
layers included in the first granular magnetic layer group 
having an equal or Smaller content of Pt. Layers closer to the 
front Surface among the plurality of magnetic layers included 
in the second granular magnetic layer group having an equal 
or Smaller content of Pt and having an equal or larger content 
of an oxide. 

7 Claims, 7 Drawing Sheets 
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1. 

PERPENDICULAR MAGNETIC RECORDING 
DISC 

TECHNICAL FIELD 

The present invention relates to a perpendicular magnetic 
disk implemented on an HDD (hard disk drive) of a perpen 
dicular magnetic recording type or the like. 

BACKGROUND ART 

With an increase in capacity of information processing in 
recent years, various information recording technologies 
have been developed. In particular, the Surface recording 
density of an HDD using magnetic recording technology is 
continuously increasing at an annual rate of approximately 
60%. In recent years, an information recording capacity 
exceeding 320 gigabytes per platter has been desired for a 
magnetic recording medium with a 2.5-inch diameter for use 
in an HDD or the like. To fulfill such demands, an information 
recording density exceeding 500 gigabits per square inch is 
desired to be achieved. 

Important factors for increasing recording density of the 
perpendicular magnetic disk include, for example, an 
improvement in TPI (Tracks per Inch) by narrowing the track 
width, ensuring electromagnetic conversion characteristics, 
such as a Signal-to-Noise Ratio (SNR) and an overwrite 
characteristic (OW characteristic) indicating ease of writing 
of a signal at the time of improving BPI (Bits per Inch), and 
further ensuring heat fluctuation resistance with recording 
bits decreased due to the above. Among these, an increase in 
SNR and an improvement in overwrite characteristic in a high 
recording density condition are important. 
The granular magnetic layer is effective in increasing the 

SNR because an oxide phase and a metal phase are separated 
to form fine particles. For increasing recording density, the 
particles of the granular magnetic layer are required to be 
microfabricated. With microfabrication, however, magnetic 
energy is also decreased, thereby causing a problem of heat 
fluctuations. On the other hand, to avoid the problem of heat 
fluctuations, magnetic anisotropy of a medium is required to 
be increased. With an increase of magnetic anisotropy, a 
coercive force is also increased, thereby making it difficult to 
write. That is, while prevention of heat fluctuation and 
improvement of the overwrite characteristic are to be intrin 
sically traded off for each other, there is a demand for enhanc 
ing both of these. 

Patent Document 1 Suggests a write auxiliary layer (corre 
sponding to an auxiliary recording layer) formed above or 
below a main recording layer and in contact with that main 
recording layer. In Patent Document 1, the main recording 
layer is a magnetic layer having a granular structure, and the 
write auxiliary layer is made of a CoCr alloy (for example, 
CoCrPtB). In Patent Document 1, by providing the write 
auxiliary layer, the overwrite characteristic and heat fluctua 
tion resistance can both be improved. 

PRIOR ART DOCUMENT 

Patent Document 

Patent Document 1: Japanese Unexamined Patent Appli 
cation Publication No. 2006-309922 

DISCLOSURE OF INVENTION 

Problems to be Solved by the Invention 

While the auxiliary recording layer improves the overwrite 
characteristic and heat fluctuation resistance, it serves as a 
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2 
noise Source because of magnetic continuity in an in-plane 
direction, and therefore write spread tends to become large. 
Therefore, as the film thickness of the auxiliary recording 
layer is thicker, noise is larger, thereby inhibiting an increase 
in recording density. Moreover, when the film thickness of the 
auxiliary recording layer is thick, magnetic spacing between 
a magnetic head and a soft magnetic layer is increased, and 
the layer Supposed to Support writing contrarily acts in a 
direction of inhibiting writing due to the film thickness of its 
own. Thus, in order to reduce noise and improve the overwrite 
characteristic, there is a demand for making the auxiliary 
recording layer thinner. 
However to obtain an improvement in overwrite character 

istic by the auxiliary recording layer, the product of magne 
tization film thickness (the product of Saturation magnetiza 
tion MS and a film thickness t: Mst) having a size according 
to a coercive force of a magnetic layer having a granular 
structure is required. That is, Mst capable of sufficiently 
reducing the coercive force of the granular magnetic structure 
to the extent of allowing recording from the magnetic head is 
required. The reason for this is that, as Mst of the auxiliary 
recording layer is higher, exchange coupling among magnetic 
particles of the granular magnetic layer can be more strength 
ened, and therefore the coercive force can be reduced. 
On the other hand, in the granular magnetic layer, in order 

to achieve high recording density, the particle diameter of the 
magnetic particles tends to be decreased, and thus magnetic 
anisotropy and coercive force tend to be increased more. For 
this reason, further higher Msit is required for the auxiliary 
recording layer, and it is difficult to dramatically making the 
film thinner. 

In view of these problems, an object of the present inven 
tion is to make a film thinner while keeping the function as an 
auxiliary recording layer and increase an SNR. 

Means for Solving the Problem 

To solve the above problem, as a result of diligent studies 
by the inventors, the inventors thought that, if the coercive 
force of the granular magnetic layer, which is to be assisted by 
the auxiliary recording layer in writing, is Smaller, Mst of the 
auxiliary recording layer can be made Smaller, thereby allow 
ing the auxiliary recording layer to be made thinner. The 
inventors also thought that, even when the coercive force of 
the entire granular magnetic layer is not made Smaller, the 
auxiliary recording layer can be made thinner as long as the 
range of assistance by the auxiliary recording layer in mag 
netization reversal can be restricted to a part of the granular 
magnetic layer. Furthermore, after studies about various con 
ditions in order to increase the SNR, the present invention was 
completed. 

That is, to solve the problems above, a typical structure of 
a perpendicular magnetic disk according to the present inven 
tion includes: on a base and in the order from bottom, a first 
granular magnetic layer group including a plurality of mag 
netic layers each having a granular structure; a non-magnetic 
layer having Ru or a Ru alloy as a main component; a second 
granular magnetic layer group including a plurality of mag 
netic layers each having the granular structure; and an auxil 
iary recording layer having a CoCrPtRu alloy as a main 
component, layers closer to a front Surface among the plural 
ity of magnetic layers included in the first granular magnetic 
layer group having an equal or Smaller content of Pt, and 
layers closer to the front Surface among the plurality of mag 
netic layers included in the second granular magnetic layer 
group having an equal or Smaller content of Pt and having an 
equal or larger content of an oxide. 
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According to the structure above, by dividing the first 
granular magnetic layer group (hereinafter simply referred to 
as a "lower group’) and the second granular magnetic layer 
group (hereinafter simply referred to as an “upper group') by 
the non-magnetic layer, the magnetic interaction between the 
uppergroup and the lower group is weakened. For this reason, 
when writing is performed from the magnetic head, the aux 
iliary recording layer is first Subjected to magnetization rever 
sal, the upper group ferromagnetically coupled thereto is then 
Subjected to magnetization reversal, and next the lower group 
ferromagnteically coupled to the upper group is subjected to 
magnetization reversal. As such, by restricting the magnetic 
layer that is to be assisted by the auxiliary recording layer in 
magnetization reversal to part (the upper group) of the granu 
lar layer, the effect of reducing coercive force required for the 
auxiliary recording layer can be decreased. With this, the film 
of the auxiliary recording layer can be made thinner. There 
fore, it is possible to reduce noise occurring from the auxiliary 
recording layer can be reduced, improve the SNR, and 
increase recording density. 

Here, the upper group and the lower group each have a 
structure similar to that in a general magnetic recording disk. 
That is, in either group, a layer with more Pt and high crystal 
orientation is formed on a base side and a layer with a more 
oxide and high SNR is formed on a surface side, and an 
auxiliary recording layer (or an auxiliary recording layer and 
an upper group) is provided thereon to prevent heat fluctua 
tion. From this, unlike the case of simply increasing the 
thickness of the auxiliary recording layer or providing two 
auxiliary recording layers, it is possible to make the film 
thinner while keeping the function as the auxiliary recording 
layer and increase the SNR. 
A lowermost layer of each of the first granular magnetic 

layer group and the second granular magnetic layer group 
preferably has Pt equal to or larger than 18 atomic percent and 
equal to or Smaller than 24 atomic percent and an oxide equal 
to or larger than 4 mole percent and equal to or Smaller than 8 
mole percent. 

With this, the lowermost layer of each of the lower group 
and the upper group can be made as a magnetic layer having 
high crystal orientation and coercive force. Also, as described 
above, since the magnetic layer upper than these layers has Pt 
equivalent to or smaller than that of the lowermost layer and 
an oxide equivalent to or larger than that thereof, the magnetic 
layer can be made as a layer having a high SNR. With this, it 
is possible to reduce the film thickness while obtaining high 
coercive force and SNR. 

Preferably, the lowermost layer of each of the first granular 
magnetic layer group and the second granular magnetic layer 
group does not contain SiO2 and TiO2 as an oxide forming a 
grain boundary having the granular structure, and a layer 
located second when viewed from aboard side of each of the 
first granular magnetic layer group and the second granular 
magnetic layer group contain SiO2 or TiO2 as an oxide form 
ing a grain boundary having the granular structure. 
Cr2O3 has low separability but high crystal orientation 

compared with SiO2 and TiO2 often used for a granular 
magnetic layer. Therefore, by adding Cr2O3 to the lowermost 
layer, crystal orientation the recording layer positioned there 
above can be improved. And, by using SiO2 or TiO2 for the 
second layer in each magnetic layer group, separability can be 
improved, and crystal orientation and separability can both be 
achieved as a whole. 
When a sum of a film thickness of the first granular mag 

netic layer group, a film thickness of the second granular 
magnetic layer group, and a film thickness of the auxiliary 
ground layer is taken as T1, a sum of the film thickness of the 
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4 
second granular magnetic layer group and the film thickness 
of the auxiliary ground layer is taken as T2, and the film 
thickness of the auxiliary magnetic layer is T3, T1/2>T2 and 
T2/2>T3 are preferably satisfied. 

With the relation among the film thicknesses as described 
above, the operation can be ensured such that the auxiliary 
recording layer is subjected to magnetization reversal, the 
upper group is next Subjected to magnetization reversal, and 
then the lower group is subjected to magnetization reversal. 
Therefore, these layers can be reliably subjected to magneti 
Zation reversal in a chain-reacting manner. 
A total film thickness of the second granular magnetic 

layer group is preferably equal to or larger than 1.5 nm and 
equal to or Smaller than 7.0 nm and, more preferably, equal to 
or larger than 2.0 nm and equal to or Smaller than 6.0 nm. 
The reason for the above is that, if the film thickness is 

thinner than 1.5 nm, the lower group is less prone to magne 
tization reversal even with the auxiliary recording layer and 
the upper group being put together and, if the film thickness is 
thicker than 7.0 nm, the effect of being able to make the 
auxiliary recording layer thinner cannot be obtained. 

Effect of the Invention 

According to the present invention, it is possible to make a 
film thinner while keeping the function as an auxiliary record 
ing layer and increase an SNR. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1A diagram for describing the structure of a perpen 
dicular magnetic disk. 

FIG. 2 Drawings for describing the film structure in com 
parative examples. 

FIG. 3 A drawing for comparing SNRs when the film 
thickness of an auxiliary recording layer is changed. 

FIG. 4 Drawings for studying the compositions of a first 
lower magnetic layer and a first upper magnetic layer in the 
structure of an example. 

FIG. 5 A drawing for studying oxides of the first upper 
magnetic layer and a second upper magnetic layer in an upper 
group. 

FIG. 6 A drawing for studying the relation among film 
thicknesses. 

FIG. 7 A drawing for studying a total film thickness of the 
upper group. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

In the following, with reference to the attached drawings, 
preferred embodiments of the present invention are described 
in detail. The dimensions, materials, and others such as spe 
cific numerical values shown in these embodiments are 
merely examples So as to facilitate understanding of the 
invention, and are not meant to restrict the present invention 
unless otherwise specified. Note that, in the specification and 
drawings, components having Substantially the same func 
tions and structures are provided with the same reference 
character and are not redundantly described, and components 
not directly relating to the present invention are not shown in 
the drawings. 

(Perpendicular Magnetic Disk) 
FIG. 1 is a diagram for describing the structure of a per 

pendicular magnetic disk 100 according to a first embodi 
ment. The perpendicular magnetic disk 100 depicted in FIG. 
1 is configured of a base 110, an adhesion layer 120, a soft 
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magnetic layer 130, a preliminary ground layer 140, a ground 
layer 150, a first granular magnetic layer group (hereinafter 
referred to as a “lower group160), a non-magnetic layer 170, 
a second granular magnetic layer group (hereinafter referred 
to as an “upper group 180'), a dividing layer 190, an auxiliary 
recording layer 200, a protective layer 210, and a lubricating 
layer 220. 
As the base 110, for example, a glass disk obtained by 

molding amorphous aluminosilicate glass in a disk shape by 
direct pressing can be used. Note that the type, size, thickness, 
and others of the glass disk are not particularly restricted. 
Examples of a material of the glass disk include, for example, 
aluminosilicate glass, Soda lime glass, Soda aluminosilicate 
glass, aluminoborosilicate glass, borosilicate glass, quartz 
glass, chain silicate glass, and glass ceramic Such as crystal 
lized glass. By sequentially grinding, polishing, and then 
chemically strengthening any of these glass disks, the flat, 
nonmagnetic base 110 formed of a chemically-strengthen 
glass disk can be obtained. 
On the base 110, films of the adhesion layer 120 to the 

auxiliary recording layer 200 are sequentially formed by DC 
magnetron Sputtering, and a film of the protective layer 210 
can be formed by CVD. Thereafter, the lubricating layer 220 
can be formed by dip coating. The structure of each layer is 
described below. 
The adhesion layer 120 is formed so as to be in contact with 

the base 110, and has a function of enhancing a close contact 
strength between the film of the soft magnetic layer 130 
formed thereon and the base 110. The adhesion layer 120 is 
preferably an amorphous alloy film, such as a CrTi-base 
amorphousalloy, a CoW-base amorphous alloy, a CrW-base 
amorphous alloy, a CrTa-base amorphous alloy, or a CrNb 
base amorphous alloy. The adhesion layer 120 can have a film 
thickness, for example, on the order of 2 nm to 20 nm. The 
adhesion layer 120 may be a single layer, and may be formed 
by laminating a plurality of layers. 

The soft magnetic layer 130 functions as helping facilitate 
writing of a signal in the magnetic layer (the lower group 160 
and the upper group 180), which will be described further 
below, and increase density by convergence of a write mag 
netic field from the head when a signal is recorded by a 
perpendicular magnetic recording scheme. As a soft magnetic 
material, in addition to a cobalt-base alloy such as CoTaZr, a 
FeCo-base alloy such as FeCoCrB, FeCoTaZr, and FeCoNi 
TaZr and a material with Soft magnetic characteristics such as 
a NiFe-base alloy can be used. Also, by involving a spacer 
layer made of Ru approximately in the middle of the soft 
magnetic layer 130, the structure can be configured so as to 
have AFC (Antiferro-magnetic exchange coupling). With 
this, perpendicular components of magnetization can be 
extremely decreased, and therefore noise occurring from the 
soft magnetic layer 130 can be reduced. In the case of the 
structure in which the spacer layer is involved, the film thick 
ness of the soft magnetic layer 130 can be such that the spacer 
layer has a film thickness on the order of 0.3 nm to 0.9 nm and 
layers thereabove and therebelow made of a soft magnetic 
material each have a film thickness on the order of 10 nm to 50 

. 

The preliminary ground layer 140 has a function of pro 
moting crystal orientation of the ground layer 150 formed 
thereabove and a function of controlling a microfabricated 
structure, such as a particle diameter. The preliminary ground 
layer 140 may have a hep structure, but preferably has a 
face-centered cubic structure (a fec structure) in which a 
(111) surface is parallel to a main surface of the base 110. 
Examples of the material of the preliminary ground layer 140 
can include Ni, Cu, Pt, Pd, Ru, Co, and Hf, and an alloy having 
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6 
any of the above-described metals as a main component and 
having added thereto one or more of V, Cr, Mo, W. Ta, and 
others. Specifically, a selection can be suitably made from 
NiV, NiCr, NiTa, NiW, NiVCr, CuW, CuCr, and others. The 
preliminary ground layer 140 can have a film thickness on the 
order of 1 nm to 20 nm. Also, the preliminary ground layer 
140 may have a plural-layer structure. 
The ground layer 150 is a layer having a hcp structure, 

having a function of promoting crystal orientation of mag 
netic crystal particles (hereinafter referred to as magnetic 
particles) in the hcp structure of the magnetic layers formed 
thereabove (the lower group 160 and the upper group 180) 
and a function of controlling microfabricated structure. Such 
as a particle diameter, and serving as a so-called basis of a 
granular structure. Ru has a hep structure as that of Co, and a 
lattice space of the crystal is similar to that of Co. Therefore, 
magnetic particles having Co as a main component can be 
excellently orientated. Therefore, as crystal orientation of the 
ground layer 150 is higher, crystal orientation of the magnetic 
layers can be improved. Also, by microfabricating the particle 
diameter of the ground layer 150, the particle diameter of the 
magnetic particles of the magnetic layers can be microfabri 
cated. While Ru is typical as a material of the ground layer 
150, furthermore, a metal, such as Cror Co, oran oxide can be 
added. The film thickness of the ground layer 150 can be, for 
example, on the order of 5 to 40 nm. 

Also, by changing gas pressure at the time of sputtering, the 
ground layer 150 may be formed in a two-layer structure. 
Specifically, when gas pressure of Ar when the upper layer 
side of the ground layer 150 is formed is higher than that when 
the lower layer side thereof is formed, the particle diameter of 
the magnetic particles can be microfabricated while crystal 
orientation of the upper magnetic layers is excellently main 
tained. 

In the present embodiment, the lower group 160 (the first 
granular magnetic layers) is formed of three layers configured 
of a first lower magnetic layer 162, a second lower magnetic 
layer, and a third lower magnetic layer 166. These magnetic 
layers each have a granular structure in a columnar shape in 
which a non-magnetic Substance having an oxide as a main 
component is segregated around the magnetic particles with 
ferromagnetic properties having a Co-Pt-base alloy as a 
main component to form a grain boundary. For example, by 
forming a film with the use of a target obtained by mixing 
SiO2, TiO2, or the like in a CoCrPt-base alloy, SiO2 or TiO2, 
which is a nonmagnetic Substance, is segregated around the 
magnetic particles (grains) formed of a CoCrPt-base alloy to 
form a grain boundary, and a granular structure with the 
magnetic particles growing in a columnar shape can be 
formed. 

In the present embodiment, in these three layers, layers 
closer to the front Surface are set to have an equal or Smaller 
content of Ptand an equal or larger content of an oxide. As the 
content of Pt is increased, crystal orientation is improved to 
increase coercive force, but noise also tends to be increased. 
As the content of the oxide is increased, separability of the 
magnetic particles is improved to reduce the SNR. However, 
if the oxide is added too much, separation is too much to 
possibly weaken signals and weaken resistance to heart fluc 
tuation. In this trade-off relation, by setting the contents of Pt 
and the oxide in the manner as described above, the first lower 
magnetic layer 162 plays a role of improving crystal orienta 
tion, and the second lower magnetic layer 164 and the third 
lower magnetic layer 166 play a role of improving the SNR. 
With this sharing of functions (sharing of roles), crystal ori 
entation and the SNR can both be improved. 
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Note that in these three layers, layers closer to the front 
surface are preferably set to have a thicker film thickness. This 
means that layers with a higher SNR has a thicker thickness. 
With the lower group 160 designed to focus on the SNR as a 
whole, an increase in recording density can be promoted. 

Specifically, the first lower magnetic layer 162 preferably 
has Pt equal to or larger than 18 atomic percent and equal to 
or Smaller than 24 atomic percent and an oxide equal to or 
larger than 4 mole percent and equal to or Smaller than 8 mole 
percent. With this, the first lower magnetic layer 162, which is 
the lowermost layer of the lower group 160, can be made as a 
magnetic layer having high crystal orientation and coercive 
force. Also, as described above, the second lower magnetic 
layer 164 and the third lower magnetic layer 166, which are 
magnetic layers thereabove, have an equivalent or Smaller 
content of Pt and an equal or larger content of an oxide, and 
therefore can be made as layers having a high SNR. 

Note that the substances described above is merely an 
example, and is not restrictive. As a CoCrPt-base alloy, one or 
more types of B. Ta, Cu, and others may be added to CoCrPt. 
Also, examples of a non-magnetic Substance for forming a 
grain boundary can include oxides, such as silicon oxide 
(SiO2), titanium oxide (TiO2), chrome oxide (Cr2O3), Zircon 
oxide (ZrO2), tantalum oxide (Ta2O5), cobalt oxide (CoO or 
Co3O4). Also, not only one type of oxide but also two or more 
types of oxide can be combined for use. 
Among these, preferably, the first lower magnetic layer 

162, which is the lowermost layer of the lower group 160, 
does not contain SiO2 and TiO2 as an oxide and the second 
lower magnetic layer 164, which is the second layer when 
viewed from a base side, contains SiO2 or TiO2 as an oxide. 
In the present embodiment, CoCrPt Cr2O3 is used for the 
first lower magnetic layer 162, and CoCrPt. SiO2-TiO2 is 
used for the second lower magnetic layer 164 and the third 
lower magnetic layer 166. 
Compared with SiO2 and TiO2 often used for a granular 

magnetic layer, Cr2O3 has low separability but high crystal 
orientation. Therefore, by adding Cr2O3 to the lowermost 
first lower magnetic layer 162, crystal orientation of the sec 
ond lower magnetic layer 164 and the third lower magnetic 
layer 166 positioned thereabove can be improved. And, by 
using SiO2 or TiO2 for the second layer in each magnetic 
layer group, separability can be improved, and crystal orien 
tation and separability can be both achieved as a whole. 

The non-magnetic layer 170 is a non-magnetic thin film, 
and is involved between the lower group 160 and the upper 
group 180 to adjust the strength of ferromagnetic coupling 
therebetween. With this, the lower group 160 and the upper 
group 180 are independent from each other and are able to be 
Subjected to magnetization reversal and also to assist reversal 
of the lower magnetic layer with an appropriate interaction. 
The non-magnetic layer 170 is preferably formed of Ru or 

a Ru compound (for example, 50Ru-50Co). The reason for 
this is that, since Ru has an atomic space similar to that of Co 
forming the magnetic particles, even Ru is involved in the 
magnetic recording layer 122, epitaxial growth of crystal 
particles of Co is less prone to be inhibited. Also, epitaxial 
growth is less prone to be inhibited because the non-magnetic 
layer 170 is extremely thin. 

In the present embodiment, the upper group 180 (the sec 
ond granular magnetic layers) is formed of two layers con 
figured of a first upper magnetic layer 182 and a second upper 
magnetic layer 184. As with the lower group 160, these mag 
netic layers each have a granular structure. 

In the present embodiment, as with the lower group 160, 
also in the two layers of the upper group 180, layers closer to 
the front Surface are set to have an equal or Smaller content of 
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8 
Pt and an equal or larger content of an oxide. By setting the 
contents of Ptand the oxide in the manner as described above, 
the first upper magnetic layer 182 plays a role of improving 
crystal orientation, and the second upper magnetic layer 184 
play a role of improving the SNR. With this sharing of func 
tions (sharing of roles), crystal orientation and the SNR can 
both be improved. Also, by setting layers closer to the front 
surface so that they have a thicker film thickness, the upper 
group 180 can also be designed to focus on the SNR as a 
whole. 
As with the first lower magnetic layer 162, the first upper 

magnetic layer 182 preferably has Pt equal to or larger than 18 
atomic percent and equal to or Smaller than 24 atomic percent 
and an oxide equal to or larger than 4 mole percent and equal 
to or smaller than 8 mole percent. With this, the first upper 
magnetic layer 182, which is the lowermost layer of the upper 
group 180, can be made as a magnetic layer having high 
crystal orientation and coercive force. Also, as described 
above, the second upper magnetic layer 184, which is a mag 
netic layer thereabove, has an equivalent or Smaller content of 
Ptand an equal or larger content of an oxide, and therefore can 
be made as a layer having a high SNR. 

Furthermore, preferably, the first upper magnetic layer 
182, which is the lowermost layer of the upper group 180, 
does not contain SiO2 and TiO2 as an oxide and the second 
upper magnetic layer 184, which is the second layer when 
viewed from a base side, contains SiO2 or TiO2 as an oxide. 
In the present embodiment, CoCrPt—Cr2O3 is used for the 
first upper magnetic layer 182, and CoCrPt. SiO2-TiO2 is 
used for the second upper magnetic layer 184. With this, by 
function sharing of improving crystal orientation with the 
first upper magnetic layer 182 and improving the SNR with 
the second upper magnetic layer 184, improvement in both 
crystal orientation and the SNR can be achieved. 
The dividing layer 190 is provided between the upper 

group 180 and the auxiliary recording layer 200, and has an 
action of adjusting the strength of exchange coupling 
between these layers. With this, the strength of a magnetic 
interaction acting between the upper group 180 and the aux 
iliary recording layer 200 and between adjacent magnetic 
particles in the upper group 180 (in particular, in the second 
upper magnetic layer 184) can be adjusted. With this, while 
magnetostatic values, such as a coercive force Hc and an 
inverted-magnetic-domain nucleation magnetic field Hn, 
relating to heat fluctuation resistance are kept, recording and 
reproduction characteristics, such as an overwrite character 
istic and an SNR characteristic, can be improved. 
The dividing layer 190 is preferably a layer having a hcp 

crystal structure and having Ru or Co as a main component so 
as not to decrease inheritance of crystal orientation. As a 
Ru-base material, in addition to Ru, a material obtained by 
adding another metal, oxygen, or an oxide to Ru can be used. 
Also, as a Co-base material, a CoCr alloy or the like can be 
used. Specific examples include Ru, RuCr, RuCo, Ru-SiO, 
Ru—WO, Ru TiO, CoCr. CoCr SiO, CoCr TiO, or 
the like can be used. Note that a non-magnetic material is 
normally used for the dividing layer 190, but the dividing 
layer may have low magnetic properties. Furthermore, in 
order to obtain excellent exchange coupling strength, the 
dividing layer 190 may preferably have a film thickness 
within 0.2 nm to 1.0 nm. 

Still further, the dividing layer 190 has an action to the 
structure to promote separation of the crystal particles of the 
upper auxiliary recording layer 200. For example, even when 
the upper layer is made of a material not containing a non 
magnetic Substance, such as an oxide, the grain boundary of 
the magnetic crystal particles can be clarified. 
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Note that while the structure in the present embodiment is 
such that the dividing layer 190 is provided between the upper 
group 180 and the auxiliary recording layer 200, this is not 
meant to be restrictive. Therefore, the structure may be such 
that a film of the auxiliary recording layer 200 is formed 
directly above the upper group 180 without provision of the 
dividing layer 190. This is because the upper group 180 is 
close to the surface of the medium and therefore the write 
magnetic field of the head is relatively strong and approxi 
mately similar characteristics can be obtained even without 
adjusting the magnetic interaction with the dividing layer 
190. 
The auxiliary recording layer 200 is a magnetic layer mag 

netically approximately continuous in an in-plane direction 
of a main surface of the base. As the auxiliary recording layer 
200, a CoCrPtRu alloy can be used and, furthermore, an 
additive, such as B. Ta, or Cu, may be added. Specifically, the 
auxiliary recording layer 200 can be made of CoCrPtRu, 
CoCrPtRuB, CoCrPtRuTa, CorCrPtRuCu, CoCrPtRuCuR, 
or others. Since the auxiliary recording layer 200 has a mag 
netic interaction (exchange coupling) with respect to the 
upper group 180, magnetostatic characteristics, such as the 
coercive force Hc and the inverted-magnetic-domain nucle 
ation magnetic field Hn, can be adjusted. With this, an object 
is to improve heat fluctuation resistance, the OW character 
istic, and the SNR. 

Note that “magnetically continuous’ means that magnetic 
properties continue without interruption. "approximately 
continuous’ means that the auxiliary recording layer 200 is 
not necessarily a single magnet when observed as a whole but 
the magnetic properties may be partially discontinuous. That 
is, the auxiliary recording layer 200 can have continuous 
magnetic properties across (so as to cover) a collective body 
of a plurality of magnetic particles. As long as this condition 
is satisfied, the auxiliary recording layer 200 may have a 
structure in which, for example, Cr is segregated. 
The protective layer 210 is a layer for protecting the per 

pendicular magnetic disk 100 from a shock from the magnetic 
head. The protective layer 210 can be formed by forming a 
film containing carbon by CVD. In general, a carbon film 
formed by CVD has an improved film hardness compared 
with a film formed by sputtering, and therefore is suitable 
because it can more effectively protect the perpendicular 
magnetic disk 100 from a shock from the magnetic head. The 
protective layer 210 can have a film thickness of for example, 
2 nm to 6 mm. 
The lubricating layer 220 is formed so as to prevent dam 

age on the protective layer 210 when the magnetic head 
makes contact with the Surface of the perpendicular magnetic 
disk 100. For example, a film can be formed by applying 
PFPE (perfluoropolyether) by dip coating. The lubricating 
layer 220 can have a film thickness of, for example, 0.5 nm to 
2.0 nm. 

Meanwhile, according to the structure described above, by 
dividing the lower group 160 and the upper group 180 by the 
non-magnetic layer 170, the magnetic interaction between 
the upper group 180 and the lower group 160 is weakened. 
Also, between the upper group 180 and the auxiliary record 
ing layer 200, the strength of the magnetic interaction can be 
adjusted by the dividing layer 190. For this reason, when 
writing is performed from the magnetic head, the auxiliary 
recording layer 200 is first subjected to magnetization rever 
sal, the upper group 180 ferromagnetically coupled thereto is 
then Subjected to magnetization reversal, and next the lower 
group 160 ferromagnteically coupled to the upper group 180 
is subjected to magnetization reversal. 
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10 
That is, a group of magnetic layers including the auxiliary 

recording layer 200 and the upper group 180 functions so as 
to assist recording onto the lower group 160. With this, the 
state becomes as if a small medium (the auxiliary recording 
layer 200 and the upper group 180) is present in a large 
medium (the auxiliary recording layer 200, the upper group 
180, and the lower group 160). Then, with the auxiliary 
recording layer 200 being Subjected to magnetization rever 
sal, magnetization reversal occurs over the entire medium in 
an avalanchine manner (in a chain-reacting manner). 
AS Such, by restricting the magnetic layer to be assisted by 

the auxiliary recording layer 200 in magnetization reversal to 
part (the upper group 180) of the granular layers, the effect of 
reducing coercive force required for the auxiliary recording 
layer 200 can be decreased, and thus the film of the auxiliary 
recording layer 200 can be made thinner. Therefore, noise 
occurring from the auxiliary recording layer 200 can be 
reduced, the SNR can be improved, and recording density can 
be increased. 

Here, the upper group 180 and the lower group 160 each 
have a structure similar to that in a general magnetic record 
ing disk. That is, in either group, a layer with more PT and 
high crystal orientation is formed on a base side and a layer 
with a more oxide and high SNR is formed on a surface side, 
and the auxiliary recording layer 200 (or the auxiliary record 
ing layer 200 and the upper group 180) is provided thereon to 
prevent heat fluctuation. From this, unlike the case of simply 
increasing the thickness of the auxiliary recording layer 200 
or providing two auxiliary recording layers 200, it is possible 
to make the film thinner while keeping the function as the 
auxiliary recording layer 200 and increase the SNR. 

Furthermore, when a sum of the film thickness of the lower 
group 160, the film thickness of the upper group 180, and the 
film thickness of the auxiliary recording layer 200 is taken as 
T1, a sum of the film thickness of the upper group 180 and the 
film thickness of the auxiliary recording layer 200 is taken as 
T2, and the film thickness of the auxiliary recording layer 200 
is T3, T1/2>T2 and T2/2>T3 are preferably satisfied. With the 
relation among the film thicknesses as described above, the 
operation can be ensured such that the auxiliary recording 
layer 200 is subjected to magnetization reversal, the upper 
group 180 is next Subjected to magnetization reversal, and 
then the lower group 160 is subjected to magnetization rever 
sal. Therefore, these layers can be reliably subjected to mag 
netization reversal in a chain-reacting manner. 

EXAMPLES 

To confirm effectiveness of the above-structured perpen 
dicular magnetic disk 100, the following examples and com 
parative examples are used for description. 
As an example, on the base 110, by using a vacuumed film 

forming device, films of the adhesion layer 120 to the auxil 
iary recording layer 200 were sequentially formed in an Ar 
atmosphere by DC magnetron Sputtering. Note that the Argas 
pressure at the time of film formation is 0.6 Pa unless other 
wise specified. For the adhesion layer 120, a film was formed 
of Cr-50Tiso as to have 10 nm. For the soft magnetic layer 
130, films were formed of 92(40Fe-60Co)-3Ta-5Zr so as to 
interpose a Rulayer of 0.7 nm therebetween and each have 20 
nm. As the preliminary ground layer 140, a film was formed 
of Ni-5W so as to have 8 nm. For the ground layer 150, a film 
was formed ofRuat 0.6 Paso as to have 10 nm and then a film 
was formed of Ru at 5 Paso as to have 10 nm. For the lower 
group 160, a film was formed of 93(68Co-10Cr-20Pt -)-7 
(Cr2O3) so as to have 1.1 nm as the first lower magnetic layer 
162, a film was formed of 90(71Co-11 Pt-18Cr)-5SiO2 
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5TiO2 so as to have 4.6 nm as the second lower magnetic layer 
164, and a film was formed of 90(69Co-12Pt-16Cr-3Ru)- 
5SiO2-5TiO2 so as to have 8.8 nm as the third lower magnetic 
layer 166. For the non-magnetic layer 170, a film was formed 
of 50Ru50Co at 3 Paso as to have 0.48 nm. For the upper 
group 180, a film was formed of 93(68Co-10Cr-20Pt -)-7 
(Cr2O3) so as to have 3.2 nm as the first upper magnetic layer 
182, and a film was formed of 90(67Co-14Cr-16Pt-3Ru)- 
5SiO2-5TiO2 so as to have 1.3 nm as the second upper mag 
netic layer 184. For the dividing layer 190, a film was formed 
of Ruso as to have 0.3 nm. For the auxiliary recording layer 
200, a film was formed of 64Co-5Pt-15Cr-8B-8Ru so as to 
have 3.3 nm. For the protective layer 210, a film was formed 
by using CH by CVD so as to have 4.0 nm, and then its 
surface layer was nitrided. The lubricating layer 220 was 
formed by using PFPE by dip coating so as to have 1.0 nm. 

In the example described above, the first lower magnetic 
layer 162 and the first upper magnetic layer 182 have the same 
composition. Note that the film thickness of the auxiliary 
recording layer 200 and the compositions of the first lower 
magnetic layer 162 and the first upper magnetic layer 182 are 
changed in a manner as will be described below for compari 
son and study. 

FIG. 2 depicts drawings for describing the film structure in 
comparative examples. FIG. 2(a) depicts the film structure of 
a perpendicular magnetic disk 300 of a comparative example 
1, the structure obtained by forming a film of 90(70Co-10Cr 
20Pt)-10(Cr2O3) with 2 nm at 3 Paas a lower recording layer 
310 and then forming a film of 90(72Co-10Cr-18Pt)-5 
(SiO2)-5(TiO2) with 12 nm at 3 Paas a main recording layer 
320. For a non-magnetic layer 330, a film of Ru was formed 
so as to have 0.3 nm. For an auxiliary recording layer 350, a 
film of 62CO-18Cr-15Pt-5B was formed. The rest of the films 
is similar to those of the present example. In comparison 
between the example depicted in FIG. 1 and the comparative 
example 1 of FIG. 2(a) in structure, the lower recording layer 
310 serves as the first lower magnetic layer 162, and the main 
recording layer320 serves as the second lower magnetic layer 
164 and the third lower magnetic layer 166. 

FIG. 2(b) depicts the film structure of a perpendicular 
magnetic disk 302 of a comparative example 2, the structure 
obtained by adding, in the structure of the comparative 
example 1, an upper recording layer 340 between the non 
magnetic layer 330 and the auxiliary recording layer 350. The 
upper recording layer 340 has a granular structure and, as 
with the lower recording layer 310, a film was formed of 
90(70Co-10Cr-20Pt)-10(Cr2O3) with 2 nm at 3 Pa. Since the 
non-magnetic layer 330 is disposed between the upper 
recording layer 340 and the main recording layer 320, the 
upper recording layer 340 is subjected to magnetization 
reversal together with the auxiliary recording layer 350, 
thereby assisting reversal of the lower magnetic layer. In other 
words, the structure of the comparative example 2 includes an 
auxiliary recording layer of a two-layer structure. In compari 
son between the example depicted in FIG. 1 and the compara 
tive example 2 of FIG. 2(b), the lower recording layer 310 
serves as the first lower magnetic layer 162, the main record 
ing layer 320 serves as the second lower magnetic layer 164 
and the third lower magnetic layer 166, and the upper record 
ing layer 340 serves as the second upper magnetic layer 184 
(there is no layer corresponding to the first upper magnetic 
layer 182). 

FIG. 3 is a drawing for comparing SNRs when the film 
thickness of the auxiliary recording layer is changed. In 
examples 1 to 7, the film thickness of the auxiliary recording 
layer 200 in the structure of the example depicted in FIG. 1 is 
changed from 2.2 nm to 4.4 nm. In comparative examples 1-1 
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12 
to 1-6, the film thickness of the auxiliary recording layer 350 
in the structure of the comparative example 1 depicted in FIG. 
2(a) is changed from 2.2 nm to 4.6 mm. In comparative 
examples 2-1 to 2-6, the film thickness of the auxiliary 
recording layer 350 in the structure of the comparative 
example 2 depicted in FIG. 2(b) is changed from 2.4 nm to 5.5 

. 

With reference to FIG. 3, firstly, it can be found in the 
comparative example 2 with two layers of the upper recording 
layer 340 and the auxiliary recording layer 350 that, com 
pared with the comparative example 1 including only the 
single-layered auxiliary recording layer 350, the SNR is 
higher when the film thickness of the auxiliary recording 
layer 350 is approximately the same. The reason for this can 
be thought that, with the provision of the upper recording 
layer 340, write spread is suppressed to reduce noise. 
By contrast, in the examples, it can be found that the SNR 

is further improved dramatically and a sufficient SNR is 
obtained from a region having a thin film thickness of the 
auxiliary recording layer. The reason for this can be thought 
Such that, compared with the comparative example 2 in which 
the upper recording layer 340 is simply added, the second 
upper magnetic layer 184 with a high SNR is provided on the 
first upper magnetic layer 182 that guarantees crystal orien 
tation and coercive force. That is, with the film structure being 
made as if a small medium is present from above the non 
magnetic layer 170, the SNR can be dramatically improved 
with the thin auxiliary recording layer 200. 

FIG. 4 depicts drawings for studying the compositions of 
the first lower magnetic layer 162 and the first upper magnetic 
layer 182 in the structure of the example. In FIG. 4, the first 
lower magnetic layer 162 and the first upper magnetic layer 
182 are both changed in composition as depicted. 

In FIG. 4(a), the content of Pt is changed. The content of Pt 
is changed in the examples 8 to 12 from 17 atomic percent to 
26 atomic percent. As depicted in the drawing, from the 
examples 8 to 10, the SNR is improved as Pt is increased. 
However, when the content is exceeded, the SNR is decreased 
as Pt is increased. With reference to FIG. 3, since an upper 
limit to be reached by the SNR in the comparative example is 
approximately 16.8 dB, the content of Pt allowing a higher 
SNR to be reached is 18 atomic percent to 24 atomic percent, 
and therefore it can be found that it is preferable to set this 
range. 

In FIG. 4(b), the content of the oxide is changed. The 
content of the oxide is changed in the examples 13 to 17 from 
2 mole percent to 9 mole percent. Note that while the example 
10 and the example 16 have the same composition, different 
numerals are provided for convenience of description. As 
depicted in the drawing, from the examples 13 to 16, the SNR 
is improved as the oxide is increased. However, in the 
example 17 containing a far more oxide, the SNR is 
decreased. Thus, it can be found that the content of the oxide 
allowing the upper limit of 16.8 dB or higher of the SNR in the 
comparative example 2 to be achieved is 4 mole percent to 8 
mole percent and it is preferable to set this range. 

FIG. 5 is a drawing for studying oxides for the first upper 
magnetic layer 182 and the second upper magnetic layer 184 
in the upper group 180. The example 10 described above and 
examples 18 and 19 are now compared with each other. In the 
structure of the example 10, the first upper magnetic layer 182 
is made of 93(70Co-10Cr-20Pt)-7(Cr2O3), and the second 
upper magnetic layer 184 is made of 90(67Co-14Cr-16Pt 
3Ru)-5(SiO2)-5(TiO2). In the example 18, Cr2O3 is used as 
an oxide for the second upper magnetic layer 184, which is 
made of 93(68Co-14Cr-18Pt)-7(Cr2O3). In the example 19, 
SiO2 and TiO2 are used for the first upper magnetic layer 182, 
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which is made of 90(71Co-11Cr-18Pt)-5(SiO2)-5(TiO2). In 
comparison between these, the example 10 has a higher SNR 
than those of the examples 18 and 19. Note that, although not 
shown, similar results were obtained in the lower group 160. 
From FIG. 5, it can be found that, preferably, the first upper 

magnetic layer 182, which is the lowermost layer of the upper 
group 180, does not contain SiO2 and TiO2 as an oxide and 
the second upper magnetic layer 184, which is the second 
layer when viewed from a base side, contains SiO2 or TiO2 as 
an oxide. The reason for this can be thought Such that, in the 
lower layer, crystal orientation is improved with Cr2O3 and 
separability is improved by usingSiO2 or TiO2 for the second 
layer, thereby achieving both of crystal orientation and sepa 
rability as a whole. 

FIG. 6 is a drawing for studying the relation among film 
thicknesses. The film thickness of the example 10 as 
described above is as depicted in FIG. 6. A sum of the film 
thicknesses of the lower group 160, the upper group 180, and 
the auxiliary recording layer 200 is taken as T1, a sum of the 
film thicknesses of the upper group 180 and the auxiliary 
recording layer 200 is taken as T2, and the film thickness of 
the auxiliary recording layer 200 is taken as T3. Since the film 
thickness of the lower group 160 (a total of the first lower 
magnetic layer 162 to the third lower magnetic layer 166) is 
1.1 nm +4.6 mm--8.8 nm=14.5 nm, the film thickness of the 
upper group 180 (a total of the first upper magnetic layer 182 
and the second upper magnetic layer 184) is 3.2 nm +1.3 
nm 4.5 nm, and the film thickness of the auxiliary recording 
layer 200 is 3.3 nm, T1=22.3 nm, T2=7.8 nm, and T3–3.3 nm. 
Therefore, these satisfy the relation of T1/2>T2 and T2/2>T3. 

In an example 20, the composition is the same, and the 
lower group 160 is made thinner and the upper group 180 is 
made thicker. Each detailed film thickness is as shown in the 
drawing: T1=22.5 nm, T2=15.3 nm, and T3-3.3 nm. These 
do not satisfy the relation of T1/2>T2 and T2/2>T3. 

With reference to FIG. 6, it can be found that the example 
10 has a higher SNR than that of the example 20. The reason 
for this can be thought such that, in the example 10, with the 
relation between the film thicknesses as described, the opera 
tion can be ensured such that the auxiliary recording layer 200 
is subjected to magnetization reversal, the upper group 180 is 
next Subjected to magnetization reversal, and then the lower 
group 160 is subjected to magnetization reversal, and these 
layers can be reliably Subjected to magnetization reversal in a 
chain-reacting manner. 

FIG. 7 is a drawing for studying a total film thickness of the 
upper group 180. As depicted in FIG. 7, in the example 10 to 
examples 21 to 25, the film thicknesses of the first upper 
magnetic layer 182 and the second upper magnetic layer 184 
are variously changed to compare SNRS. Their compositions 
are similar to that of the example 10. 

With reference to FIG. 7, when the total film thickness of 
the upper group 180 is changed, a high SNR can be obtained 
even with 1.5 nm, but its peak is near 4.0 nm and the SNR is 
decreased with 7.5 nm. If the film thickness is thinner than 1.5 
nm, the lower group 160 becomes less prone to reversal even 
with the auxiliary recording layer 200 and the upper group 
180 together, and this is thought to be the reason for decreas 
ing the SNR. If the film thickness is thicker than 7.0 nm, the 
effect of making the auxiliary recording layer 200 thinner 
cannot be obtained, and this is thought to be the reason for 
decreasing the SNR. From these, it can be found that the total 
film thickness of the upper group 180 is preferably equal to or 
larger than 1.5 nm and equal to or smaller than 7.0 nm. More 
preferably, as a range capable of achieving the upper limit of 
16.8 dB of the SNR of the comparative example 2 or higher, 
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14 
the total film thickness is preferably equal to or large than 2.0 
nm and equal to or Smaller than 6.0 nm. 

Note that in the studies of the above examples and FIG. 4, 
description has been made on the assumption that the first 
lower magnetic layer 162 and the first upper magnetic layer 
182 have the same composition. However, the first lower 
magnetic layer 162 and the first upper magnetic layer 182 are 
not necessarily required to have the same composition as long 
as they achieve the object of guaranteeing both of crystal 
orientation and coercive force, that is, as long as the structure 
has high crystal orientation. 

In the foregoing, the preferred embodiments of the present 
invention have been described with reference to the attached 
drawings. Needless to say, however, the present invention is 
not restricted to these embodiments. It is clear that the person 
skilled in the art can conceive various modification examples 
or corrected examples within a range described in the scope of 
claims for patent, and it is understood that they reasonably 
belong to the technological scope of the present invention. 

INDUSTRIAL APPLICABILITY 

The present invention can be used as a perpendicular mag 
netic disk implemented on an HDD of a perpendicular mag 
netic recording type. 

DESCRIPTION OF REFERENCE NUMERALS 

100 . . . perpendicular magnetic disk, 
110... base, 
120 . . . adhesion layer, 
130 . . . soft magnetic layer, 
140 . . . preliminary ground layer, 
150 . . . ground layer, 
160 . . . lower group, 
162 . . . first lower magnetic layer, 
164. . . second lower magnetic layer, 
166 ... third lower magnetic layer, 
170. . . non-magnetic layer, 
180 . . . upper group, 
182 . . . first upper magnetic layer, 
184. . . second upper magnetic layer, 
190 ... dividing layer, 
200 . . . auxiliary recording layer, 
210... protective layer, 
220... lubricating layer, 
310... lower recording layer, 
320. . . main recording layer, 
330 . . . non-magnetic layer, 
340... upper recording layer, 
350 . . . auxiliary recording layer 
The invention claimed is: 
1. A perpendicular magnetic disk comprising: 
on a base and in the order from bottom, 
a first granular magnetic layer group consisting of a plu 

rality of magnetic layers each having a granular struc 
ture; 

a non-magnetic layer having Ru or a Ru alloy as a main 
component; 

a second granular magnetic layer group consisting of a 
plurality of magnetic layers each having the granular 
structure; and 

an auxiliary recording layer having a CoCrPtRu alloy as a 
main component, 

wherein the magnetic layers of the first granular magnetic 
layer group that are closer to a top surface of an upper 
most layer of the first granular magnetic layer group 
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have an equal or Smaller content of Pt than the magnetic 
layers of the first granular magnetic layer group that are 
closer to a bottom surface of a lowermost layer of the 
first granular magnetic layer group, 

wherein the magnetic layers of the second granular mag- 5 
netic layer group that are closer to a top Surface of an 
uppermost layer of the second granular magnetic layer 
group have an equal or Smaller content of Pt and have a 
larger content of an oxide than the magnetic layers of the 
second granular magnetic layer group that are closer to a 
bottom Surface of a lowermost layer of the second granu 
lar magnetic layer group, 

wherein the lowermost layer of each of the first granular 
magnetic layer group and the second granular magnetic 
layer group contains Cr2O and does not contain SiO, 
and TiO, as an oxide forming a grain boundary having 
the granular structure, 

wherein a second lowermost layer of each of the first 
granular magnetic layer group and the second granular 
magnetic layer group contain SiO2 or TiO2 as an oxide 
forming a grain boundary having the granular structure, 
and 

wherein the first granular magnetic layer group, the second 
granular magnetic layer group and the auxiliary record 
ing layer satisfy the following requirement: 
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T/2>T and T.2s-T, 

wherein T represents the sum of the thickness of the first 
granular magnetic layer group, the thickness of the sec 
ond granular magnetic layer group and the thickness of 
the auxiliary recording layer, T represents the sum of 
the thickness of the second granular magnetic layer 
group and the auxiliary recording layer and T. repre 
sents the thickness of the auxiliary recording layer. 
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2. The perpendicular magnetic disk according to claim 1, 

wherein 
the lowermost layer of each of the first granular magnetic 

layer group and the second granular magnetic layer 
group has a Pt content of 18 atomic percent to 24 atomic 
percent and an oxide content of 4 mole percent to 8 mole 
percent. 

3. The perpendicular magnetic disk according to claim 1, 
whereina total film thickness of the second granular magnetic 
layer group is 1.5 nm to 7.0 nm. 

4. The perpendicular magnetic disk according to claim 1, 
whereina total film thickness of the second granular magnetic 
layer group is 2.0 nm to 6.0 nm. 

5. The perpendicular magnetic disk according to claim 1, 
wherein the magnetic layers of the first granular magnetic 
layer group that are closer to the top Surface of the uppermost 
layer of the first granular magnetic layer group have a thicker 
film thickness than the magnetic layers of the first granular 
magnetic layer group that are closer to the bottom Surface of 
the lowermost layer of the first granular magnetic layer group. 

6. The perpendicular magnetic disk according to claim 1, 
wherein the lowermost layer of each of the first granular 
magnetic layer group and the second granular magnetic layer 
group comprises a CoCrPtRu alloy as a main component, and 
has a Pt content of 18 atomic percent to 24 atomic percent and 
an oxide content of 4 mole percent to 8 mole percent, and 

wherein the perpendicular magnetic disk has a SNR higher 
than 16.8 dB. 

7. The perpendicular magnetic disk according to claim 1, 
whereina total film thickness of the second granular magnetic 
layer group is 2.0 nm to 6.0 nm, and the perpendicular mag 
netic disk has a SNR higher than 16.8 dB. 
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